During the years 1996-2001, the line transect method has been employed to assess the species composition, dominance structure and relative abundance of birds resident in traditional farmlands, in the lowlands (10 transects with the total length of 43.9 km) and foothills (10 transects with the total length of transects 46.5 km) of Lesotho, southern Africa. This has been done to show the role of this farming in biodiversity conservation. A total of 76 resident species have been recorded in farmlands of Lesotho, 62 species in the lowlands and 53 species in the foothills. In the lowland farmlands the dominant group was composed of 6 species, namely the Prinia, Cape Bunting, Cinnamon-breasted Bunting, Cape Canary, Neddicky and Common Quail (35.8 %); in the foothills the group was composed 5 species: Karoo Prinia, Cape-turtle Dove, Laughing Dove, Cape Bunting and Cape Canary (35.9 %). Eighteen species bred in significantly different densities in lowlands and foothills. While insectivorous birds were more numerous in the lowland than foothill, the reverse was true with granivorous birds. Those two guilds comprised together 78% and 83% in the lowland and foothill respectively. The proportion of species in each guild was similar. In the lowland farmland the following eight species were more common that in the foothill farmlands, while in foothill farmland 10 species were more numerous than in lowland farmland. Species diversity and evenness were strikingly high and similar in lowlands and foothills, although Sorensen Similarity Index between these two areas was low (I = 0.44). Both species diversity and structure of dominance in avian communities in Lesotho farmlands indicate that the traditional farming play a positive role in biodiversity conservation.
Introduction
Studies on birds in agroecosystems constitute one of the most important aspects of bird conservation, as large proportion of birds are dependent on this ecosystem (Wilson et al. 2009 ). This is especially true in regard to Europe and USA, where agroecosystems constitute a dominant (often more than 50%) total land cover in most countries. Birds in agro-ecosystem attracted therefore enormous attention of researchers (Harding et al. 1994 , Newton 2017 .
However, much less is known about birds in agro-ecosystem in Africa (Kopij 2006a) . Most studies refer to humanwildlife conflicts, without special concern on the avian ecology and conservation in this ecosystem. For example, no quantitative studies ever were conducted on avian assemblages in agroecosystem of Namibia (Kopij 2014) or Lesotho (Ambrose et al. 2000) .
Agriculture in Lesotho is, as in many other African countries, still a major source of economic growth. The agriculture utilizes c. 50% of the country's labor force and provides 18.2% of the GDP. The major agriculture products include: maize, sorghum, wheat, barley, cattle, goats and sheep (Moyo et al. 1993) . Lowlands and foothills form the main agricultural zones. In lowlands arable farming predominates, while in foothills mixed pastoral and arable farms is practiced (Ambrose et al. 2000) .
Unfortunately, steep slopes, overgrazing and intensive maize production has led to acute soil depletion and erosion in this country, with rates of net erosion varied between 100-2000 t/ km 2 /year (Moyo et al. 1993) . Terracing, grass stripping, and the construction of dams and irrigation canals are widely employed to contract this heavy loss of soil (Ambrose et al. 2000) . So called conservation agriculture can also substantially prevents the erosion. It is a form of farming on soil that are easily eroded or regarded as unproductive. Since this faming is in a harmony with the nature, it may also contribute towards biodiversity conservation. Since birds are good indicators of environmental quality (Sutherland 1996) , I have ISSN 2412-1908; http://journal.asu.ru/index.php/biol/ decided to investigate avian assemblages associated with Lesotho farmland, where conservation farming is employed to a large extend, to test the role it plays in biodiversity conservation.
Since natural vegetation is better preserved in the foothills than in lowlands, and human pressure at large is much higher in the lowlands than in foothills of Lesotho, I have expected that both the species diversity, and population densities will be higher in the foothills than in lowlands.
Study area
The study was conducted in lowlands (included Senque Valley) and in foothills of Lesotho, southern Africa (Table 1) . (Moyo et al. 1993; Ambrose et al. 2000) . Since the natural vegetation comprises the Highveld Grassveld in lowlands and Senque Valley, and both zone lay below 1 800 m a.s.l., they are combined in this study. In foothills and highlands, the natural vegetation is Afromontane Grassland (Acocks 1988) . The average rainfall in Lesotho is 730 mm per annum (Moyo at al. 1993) . In lowlands it varies from 600 mm to 800 mm per annum, while in highlands from 800 mm to 1200 mm per annum; 85% of the rain falls from October through April (Ambrose et al. 2000) .
The crop lands occupy 7 540 km 2 (24.9% of the country's surface area). Most of it occupies lowlands (3201 km 2 ), foothills (1 048 km 2 ) and Senque Valley (838 km 2 ). The remaining 2 477 km 2 occur in highlands (Moyo et al. 1993 ). The maize occupies c. 50%, and sorghum c. 25% of the arable area (Moyo et al. 1993) . Livestock include sheep (c.46%), goats (c.33%), cattle (c.18%) and horses (c. 3%) (Ambrose et al. 2000) . They are all pastured extensively on communal grazing grounds.
In lowlands, arable grounds dominate, where maize and sorghum are the main cultivated plants. There are also some heavily overgrazed and degraded pastures (with high erosion). Human pressure is very high and natural vegetation is almost totally destroyed. In the foothills, pastures for the cattle, sheep and goats dominate. The grazing pressure is high, but natural vegetation is relatively well-preserved. Arable grounds are located mostly in the river valleys. 
Methods
A farmland is defined here as a land utilized mainly (>50%) for crop production, together with interlaced natural grassy areas, pastures, shrubs, tree clumps, marshes and other natural and semi-natural vegetation. The line transect method (Bibby et al. 1992 ) has been employed. Counts were conducted during the years 1996-2001, as to exclude the effect of differential rainfall. Ten sites were selected in lowlands and Senque Valley and 10 in foothills (Fig. 1) . In each selected site, transects have been designed to count all resident birds. The total length of transects was 43.9 km in lowlands and 46.5 km in foothills (Table 1) . Each transect was surveyed once, mostly in wet season and in the mornings. A total of 53 hours and 35 minutes were spent on counting. Depending on transect length, 45 min. -5 hours and 15 min. were spent on each transect; on average 2.6 hours (SD = 1.45). Only resident (potentially breeding) species were counted, excluded were vagrants and visitors. As recommended for the line transect method, a pair of the resident species was the census unit (Bibby et al., 1992) . Records of single birds, or families were interpreted as a pair. In polygynous species, the number of females was assumed as an equivalent of the 'breeding pair'. Table 1 ).
For each bird species, the following parameters were calculated (Table 2) : 1) N -number of potentially resident pairs recorded; 2) %D -dominance expressed as the proportion of resident pairs of a given species to the total number of all resident pairs of all species recorded, expressed as a percentage 3) F -frequency of occurrence, defined as the percentage of transects, where a given species was recorded to the total number of transects in given area; 4) Ind. -index of abundance calculated as the percentage of the number of resident pairs of a given species in relation to the most numerous species
The following indices were used to characterize the diversity and evenness of the communities: 1) Shannon's diversity index: H' = -∑ p i log p i where: p i is the proportion of breeding pairs belonging to the ith species 2) Simpson's diversity index: D = ((∑n(n-1))/N(N-1) where: n -total number of breeding pairs belonging to a given species, N -total number of breeding pairs of all species 3) Pielou's evenness index: J' = (-∑ p i log p i )/log S where p i is the proportion of breeding pairs belonging to the ith species; S -total number of species. J' varies between 0 and 1. The less variation between species in a community, the higher J' is. 4) Community dominance index: DI = (n 1 + n 2 )/N where n 1 , n 2 -number of pairs of two most abundant species, N -total number of pairs of all species. 5) Sörensen's Coefficient: I = 2C/A+B where A -the number of bird species in lowlands, B -the number of bird species in foothills, C -the number of bird species common to both areas.
ISSN 2412-1908; http://journal.asu.ru/index.php/biol/ Dominant bird species is defined as comprising at least 5% of the total number of all resident pairs; while subdominant that comprising 2-4.9% of that total. Systematics and nomenclature of bird species follow Hockey et al. (2005) . In the lowland farmlands the dominant group was composed of six species, namely the Karoo Prinia Prinia maculosa, Cape Bunting Emberiza capensis, Cinnamon-breasted Bunting Emberiza tahapisi, Cape Canary Serinus canicollis, Neddicky Cisticola fulvicapilla and Common Quail Coturnix coturnix (App.1). They formed together 35.9%. In the foothills the group was composed of 5 species: Karoo Prinia, Cape Turtle-Dove Streptopelia capicola, Laughing Dove Streptopelia senegalensis, Cape Bunting and Cape Canary (together 36.0%). So, the proportion of dominant species (cumulative dominance) was almost identical in lowlands and foothills (Table 2) . Also the community dominance was strikingly similar in both areas compared (Table 2) . However, only Karoo Prinia, Cape Canary and Cape Bunting were dominant species in both lowland and foothill farmlands (App.1).
Subdominant species were more numerous both in the lowlands (12 species) and in foothill (9 species). However, their contribution was lower (38.9% and 28.7% in lowlands and foothills respectively) than that of dominant species (Table  2) . Dominant and subdominant species composed 81.5% of all resident pairs in lowlands and 64.7% in foothills.
In the foothill farmlands four species occur on transects with a frequency higher than 80%: Karoo Prinia, Cape Bunting, Laughing Dove and Cape Robin-Chat Cossypha caffra ; while in the lowland farmland only the Laughing Dove occurred with a frequency higher than 80% (App. 1).
Overall population density of all breeding birds was slightly higher in lowlands (15.3 pairs / 1 km) than in foothills (13.4 pairs / 1 km). Eighteen species bred in significantly different densities in lowlands and foothills (App.1). In lowlands, the following species bred in higher densities than in foothills: Cinnamon-breasted Bunting, Neddicky, Common Quail, Grey-headed Sparrow Passer diffusus, Yellow-crowned Bishop Euplectes afer, and House Sparrow Passer domesticus. On the other hand the following species bred in much higher densities in the foothills than in lowlands: Cape Turtle-Dove, Laughing Dove, African Quailfinch Ortygospiza atricollis, Rock Martin Ptyonoprogne fuligula , Cape Sparrow, Malachite Sunbird Nectarinia famosa, Common Waxbill Estrilda astrild, Wing-snapping Cisticola Cisticola ayresii, Cape Grassbird Sphenoeacus afer, Cape Long-claw Macronyx capensis, Pied Staring Spreo bicolor and Southern Red Bishop Euplectes orix (App. 1).
In the lowland farmland the following species were more common that in the foothill farmlands: Cinnamonbreasted Bunting, Neddicky, Common Quail, Red-capped Lark Calandrella cinerea, Grey-headed Sparrow, House Sparrow, Malachite Sunbird, and Yellow-crowned Bishop. On the other hand, the following species were more common in the foothill farmland than in the lowlands: Cape Turtle-Dove, Laughing Dove, African Quailfinch, Rock Martin, Cape Sparrow, Cape Long-claw, Pied Starling, Common Waxbill, Speckled Pigeon Columba guinea, Southern Red Bishop and Grey-winged Francolin Scleroptila afra (App. 1).
Both the Shannon's and the Simpson's Diversity Indices were very high and almost identical in the lowlands and foothills, as was also the Pielou's Evenness Index (Table 2) . However, the Sörensen Similarity Index was unexpectedly low (I = 0.44).
The G-test (G=81.4) has shown significant differences (p<0.01) in the proportion (number of resident pairs) of feeding guilds. While insectivorous birds were more numerous in the lowland than foothill, the reverse was true with granivorous birds (Fig. 2) . Those two guilds comprised together 78% and 83% in the lowland and foothill respectively (Fig.  2) . The proportion of frugivorous birds was more equal (Fig. 2) . However, the proportion of species in each guild was strikingly similar. 
Discussion
Agro-ecosystems may constitute an important environment for numerous bird species, because they are often a dominant component of landscapes.
The recorded number of species (Table 2) constitutes about 1/3 of all resident (breeding) species recorded in Lesotho so far (Bonde 1993 , Ambrose et al. 2000 . Avian assemblages in 11 various habitats in South African grasslands comprised 33-57 species (on average 44. 1), and only in one habitat (bushy vegetation on slopes along the Clarens Formation Sandstone Cave), it reached 75 species (Kopij 2006) . Even in Sehlabathebe National Park the number of resident species was much lower (N=33) than in the farmlands (Kopij 2002) . All these indicate relatively high avian diversity in traditional farming areas both in the lowlands and in foothills. It is, however, important to point out that not all the species are strictly associated with farmland as breeding habitat. Some of them use neighboring rock cliffs, shrubs, tree clumps or rivers as nesting sites, with arable ground being part of their territories or/and feeding grounds.
Exceptionally high species diversity recorded both in lowlands and foothills indicate that from biological point of view the agro-ecosystem is Lesotho play a positive role in nature conservation, despite the fact that it causes serious soil erosion. It was unexpected to record the slightly higher number of species in foothills in comparison with lowlands, as more natural vegetation is preserved in the foothills. Highly transformed lowlands may, however, bring some novel microhabitats, such as gardens, clumps and rows of exotic trees, dams, built-up areas. Natural predation may also be lower in the lowlands than in the foothills. These factors may compensate for the lack of natural vegetation, hence both the species richness and species diversity is equally high in the lowlands and foothills.
ISSN 2412-1908; http://journal.asu.ru/index.php/biol/ Since farmlands are dominated by crops representing grass family (Graminaceae), large proportion of granivorous birds are expected in the feeding guilds, but in Lesotho agro-ecosystems the granivorous birds were, in general, equally numerous as the insectivorous birds. Lowlands may be more abundant in arthropods, hence the proportion of insectivorous birds was higher in the lowlands than in foothills, while abundance of natural grasses in foothills may provide more seeds for granivorous birds, hence their higher proportion in the foothills in comparison with lowlands.
Both the species diversity and structure of dominance in avian communities in Lesotho farmlands may also indicate that the traditional farming practicing in Lesotho play a positive role in biodiversity conservation. It should be, however, emphasized that the farmlands preserve species which are, in general, not endangered. For efficient conservation of endangered species, a net of nature reserves should be, therefore, established in the farmlands as suggested by Kopij (2001 N -number of potentially resident pairs recorded; %D -dominance expressed as the proportion of resident pairs of a given species to the total number of all resident pairs of all species recorded, expressed as a percentage; F -frequency of occurrence, defined as the percentage of transects, where a given species was recorded to the total number of transects in given area; Ind. -index of abundance calculated as the percentage of the number of resident pairs of the most numerous species.
